Background: Higher insulin-like growth factor (IGF)-1 and lower IGF binding protein (BP)-3 levels have been associated with higher commoncancer risk, including breast cancer. Dietary factors, genetic polymorphisms, and the combination of both may influence circulating IGF-1 and IGFBP-3 serum concentrations.
Introduction
The insulin-like growth factor (IGF) -system mainly consists of IGF-1, IGF-2, IGF receptors (IGF-1R and IGF-2R), and six binding proteins (IGFBP-1-6). Within IGF system, IGF-1 and its main binding protein, IGFBP-3, are two key molecules for cellular proliferation, differentiation and apoptosis [1] . In addition to the regulation of normal cell growth, IGF systems have been implicated in carcinogenesis [2] . Results from in vivo carcinogenesis models and epidemiological studies indicate that high levels of circulating IGF-1 are associated with increased risk and progression of several common cancers, including breast [3] [4] [5] [6] [7] , prostate [8] [9] [10] [11] , colorectal [12] [13] [14] [15] , and ovarian cancer [16] [17] among others. The relationship between circulating IGFBP-3 levels and cancers have been inconsistent [14, 16, [18] [19] [20] [21] [22] .
Circulating IGF-1 and IGFBP-3 levels are determined by both heritable and exogenous factors. Two twin studies estimated that approximately 40%-60% of inter-individual differences in circulating levels of IGF-1 and IGFBP-3 are attributed to heritable factors, such as single nucleotide polymorphisms (SNPs) [23] [24] . Although there are many SNPs identified for IGF-1 (rs1520220, rs10735380, rs5742665, rs1549593, rs2373722, etc.) and IGFBP-3 genes (rs2854744, rs2854746, rs3110697, rs2132570, rs2270628, etc.) [25] , SNP rs1520220, located in the third intron of IGF-1 gene, and rs2854744, in the promoter region of the IGFBP3 gene, are consistently found to be associated with circulating IGF-1 and IGFBP-3 levels in Caucasians [26] [27] [28] [29] . However, the associations of both SNPs with circulating IGF-1 and IGFBP-3 levels is not clear in the Chinese population as few studies have focused on this population. Exogenous factors, including both hormonal and nutritional, may have an important influence on circulating IGF-1 and IGFBP-3 levels [30] . Decreased levels of serum IGF-1 and IGFBP-3 were observed after chronic or acute energy restriction [31] . Several cross-sectional studies have found that serum IGF-1 concentrations are positively associated with higher total protein intake [32] [33] [34] . Soy isoflavone, a phytoestrogen, may act as selective ER modulators do by inhibiting IGF-1 concentrations or IGF system signaling [35] .
In our previous studies, we mainly focused on breast cancer etiology and to be consistent with other studies in finding that nutrients, for example animal protein [36] [37] may increase breast cancer risk, while high intake of soy products [38] [39] may result in risk reduction. Given the associations of SNPs and dietary intake with circulating levels within the IGF system (IGF-1, IGFBP-3 and the molar ratio of IGF-1 to IGFBP-3), the hypothesis that genetic and nutritional factors may interact to effect serum concentrations of the IGF system and subsequent cancer risk warrants further investigation [30] . Several studies conducted among Caucasian women have examined the effects of nutritional factors and IGF polymorphisms on IGF serum levels [26, 28, 30, [33] [34] . However, to the best of our knowledge, no previous study has examined this issue in Chinese population in China, and previous studies did not focus on the interaction of genetic and environmental factors. In the present study, we examined the main effects of dietary intake and genetic polymorphisms on circulating IGF-1 and IGFBP-3 concentrations among women aged 40 years or older, a population with high breast cancer incidence in China (more than 42.3 per 100,000) [40] . Furthermore, we explored potential combined effects of dietary factors and gene polymorphisms on IGF-1 and IGFBP-3 concentrations.
Methods

Ethics Statement
The study protocol was approved by the Institutional Review Board at Sichuan University. All subjects provided written informed consent before completing the questionnaire survey and laboratory tests.
Study population
From September 2011 to July 2012, a total of 279 women aged 40 years and older sought the outpatient service for a physical examination from the Comprehensive Guidance Center of Women's Health, Chengdu Women's and Children's Central Hospital. The women who were of Han ethnicity, had been living in Sichuan Province for over 20 years, had no history of bilateral ovariectomy, no hormonal contraceptive use, and no perimenopausal complaints. We further excluded women who declined to join the program, women with insulin-dependent diabetes mellitus, and women with diagnosed/history of malignancy, including breast, liver or ovarian cancer at baseline as these diseases may affect circulating IGF levels. Ultimately, 143 women were included in the study. To minimize possible impact of estrogens from periodical variation during the menstrual cycle on IGFs, all women were enrolled between the 3 rd and 5 th day from the beginning of their periods for blood sample collection.
Data collection
Information on socio-demographic and reproductive characteristics was collected using a structured questionnaire. A semiquantitative dietary questionnaire, the Questionnaire of Health Related Dietary Habits, was designed to collect all participants' long-term ($ 5 years) dietary habits. Evaluation of reliability and structural validity for the questionnaire has been described in detail in our previous study [39] . In brief, we first calculated the total daily intake of energy, protein, fat, carbohydrate, dietary fiber, and soy isoflavones referring to the nutrient compositions listed in the Danone Institute China Diet Nutrition Evaluating System [41] . We subsequently calculated the daily intake of energy-adjusted dietary factors to prevent potential underreporting of dietary intake using residual methods [39] . According to Chinese Dietary Reference Intakes (DRI) (Chinese DRIs committee formulated in 2000) for 18-50 year old women with moderate physical labor [42] , we used the following dichotimization for total daily energy (2300 kcal/day), protein (70 g/day) and fat intake (77 g/day). For those without recommended levels of dietary intake, the means of dietary intakes (167.0 g/day for carbohydrate, 19.8 g/day for dietary fiber and 11.6 mg/day for soy isoflavones) were selected as cut-off values of high/low intake.
Genotype analyses
Whole blood samples (5 mL) were obtained from participants via venipuncture into tubes containing ethylenediaminetetraacetic acid. Samples were stored at 220uC until DNA extraction. Genomic DNA was extracted from whole blood using TIANamp Blood DNA Kit (TIANGEN, Beijing). IGF-1 rs1520220 and IGFBP-3 rs2854744 were genotyped with TaqMan assays which were purchased from ABI (Applied Biosystems, Foster City, CA). All TaqMan assays were performed with the ABI 7500 thermal cycler (Applied Biosystems, Foster City, CA). In addition, duplicate detection was performed for 10 random samples (6% of the total subjects), and the observed concordance rate was 100%.
Serum proteins measurement
A separate 3 mL of whole blood was withdrawn and then transported immediately to the laboratory, where samples stood for 2 hours, and then spun at 2500 g for 15 min, after which the serum was extracted and stored at 270uC until analysis.
Circulating total IGF-1 and IGFBP-3 levels were measured using enzyme-linked immunosorbent assay kits (Diagnostic Systems Laboratories, Webster, TX) according to manufacturers' instructions. Duplicate aliquots from each blood sample were analyzed for each individual, and the average of the two measurements was used for data analyses. Coefficients of variation (CVs) for duplication were less than 10%. The intra-and interassay coefficients of variation were 4.1% and 12.8%, respectively, for IGF-1 at a concentration of 110 ng/ml. Intra and inter-assay coefficients of variation were 4.9% and 5.4%, respectively, for IGFBP-3 at a concentration of 4,900 ng/ml. The molar ratio, which may estimate the biologically active fraction of IGF-1, was calculated based on eq uation 1:
C 1 and C 2 are concentrations of IGF-1 and IGFBP-3, respectively. For IGF-1, 1 ng/ml is equal to 0.130 nM, and for IGFBP-3, 1 ng/ml is equal to 0.036 nM.
To ensure blinded laboratory analyses, participants were assigned a unique random ID number at each clinic visit.
Statistical analyses
We checked the Hardy-Weinberg equilibrium (HWE) among all women via Chi-square test. The measured total IGF-1 and IGFBP-3 levels were log transformed to reduce departures from the normal distribution and then described using the geometric mean (95% confidence interval [CI]). After making a scatter plot of IGF component levels (i.e. IGF-1, IGFBP-3, and the molar ratio of IGF-1 to IGFBP-3) by age, we found that IGF levels were relatively more centralized among women aged less than 50 years. Considering differences in sex steroid levels between two age groups, which may affect circulating IGF levels, we divided the participants into two subgroups for sub-group analyses: ,50 years and $50 years. Independent-sample T-tests and Chi-square tests/ Fisher's exact tests were used to compare the demographic characteristics, and reproductive and dietary factors between age subgroups. Independent-sample T-tests were used to compare geometric means of IGF-1, IGFBP-3, and the molar ratio of IGF-1 to IGFBP-3 (equation 1), for each exposure of interest. Factors that were significantly associated with IGF component levels were then adjusted for as potential confounders in the covariance analyses to test the differences of IGF component levels within gene-diet exposure groups. Referring to results from previous studies that noted carrying the CC genotype for IGF-1 rs1520220 was associated with lower IGF-1 levels in breast tissue among Chinese women [43] , and that circulating levels of IGFBP-3 were significantly lower for CC or CA genotype carriers for IGFBP-3 rs2854744 than AA allele carriers [44] , we analyzed the effects within the recessive model for IGF-1 rs1520220 (CC vs. GC+GG) and IGFBP-3 rs2854744 mutant allele (AA vs. CC+CA) in IGF component levels.
The data were input into a database created with Epidata3.1 and analyzed with SPSS18.0 software.
Results
General demographic characteristics, dietary intake, and related reproductive factors
The demographic characteristics, reproductive and dietary factors, and insulin-like growth factor levels of our population were compared. We found no significant difference of these factors between age subgroups of ,50 years and $50 years (Table 1) .
Geometric mean (95% CI) of IGF-1 and IGFBP-3, and the molar ratios for the participants are shown in Table 2 and stratified by measures of dietary intake. Among all participants, IGF-1 levels were positively correlated to both IGFBP-3 and the molar ratio of IGF-1to IGFBP-3 (Spearman's correlation coefficient: r = 0.44 and r = 0.70, respectively; both P,0.05). Average daily intake of key nutrients among all study participants were as follows (mean level6standard deviation [SD]): 1553.86591.7 kcal/day for energy intake, 65.0615.6 g/day for energy-adjusted protein, 69.8624.4 g/day for fat, 167.0646.9 g/day for carbohydrates, 19 .866.9 g/day for dietary fiber, and 11.6615.8 mg/ day for soy isoflavones. While protein was not associated with any IGF component among all women, we found borderline significantly higher levels of IGFBP-3 among women with high protein intake compared to women classified as having low intake (P = 0.06) in the ,50 age group. We also found a higher molar ratio of IGF-1 and IGFBP-3 for participants with high dietary fiber consumption (P = 0.03) among women $50 years. Total energy intake, daily intake of energy-adjusted fat, carbohydrate, and soy isoflavone were not associated with serum levels of IGF components.
Circulating levels of IGF components, stratified by demographic and reproductive characteristics, are shown in Table S1 . Among women ,50 years, we observed weak negative associations between WHR and circulating IGF-1 (P = 0.06). Passive smoking was associated with higher circulating levels of IGF-1 with borderline significance (P = 0.056). Age at menarche was positively associated with IGF-1 levlels among women$50 years (P = 0.003). While associations between active smoking, drinking, and IGF components were of interest, small cell sizes (N = 2 and N = 4 for smoking and drinking, respectively) limited our ability to test these associations.
IGF-1 rs1520220/IGFBP-3 rs2854744 genotypes and circulating IGF component levels
Among all women, the frequency of the C allele for IGF-1 rs1520220 and the C allele for IGFBP-3 rs2854744 were 56.6% and 27.1%, respectively. Genotypes of IGF-1 rs1520220 and IGFBP-3 rs2854744 did not deviate from HWE (IGF-1 rs1520220: x 2 = 3.04, P = 0.08; IGFBP-3 rs2854744: x 2 = 2.29, P = 0.13). Table 3 presents covariance analyses results of IGF-1 rs1520220 and IGFBP-3 rs2854744 genotypes in relation to circulating levels of IGF components. Among women ,50 years, circulating IGF-1 levels were significantly lower for those carrying the CC genotype for IGF-1 rs1520220 than IGF-1 levels for those carrying GC or GG genotypes (recessive model: P = 0.007). We did not observe any association between IGFBP-3 rs2854744 genotypes and circulating IGFBP-3 level or the molar ratio.
Combination of IGF-1 rs1520220/IGFBP-3 rs2854744 genotypes and daily intake of energy-adjusted soy isoflavones and protein on circulating IGF component levels among women ,50 years old For women ,50 years, thosewith both low intake of soy isoflavones and at least one variant G allele for IGF-1 rs1520220 had the highest levels of circulating IGF-1 (geometric mean [95% CI]: 195 [37, 1021] mg/L). Women who either had high intake of dietary soy or were homozygous for the major C allele had significantly lower levels of circulating IGF-1 (geometric mean [95% CI]: 160 [34, 753] mg/L and 167 [38, 723] mg/L, respectively). Women who had both high soy intake and were homozygous for the major C allele had the lowest levels of circulating IGF-1 (geometric mean [95% CI]: 120 [38, 378] mg/L) ( Table 4 , P = 0.002). As for combination of IGFBP-3 rs2854744 genotypes and soy isoflavone intake, we found higher IGFBP-3 levels inwomen with low soy intake (groups 1 mg/L, respectively)), but these differences appear to be driven primarily by soy intake, as the overall effect of diet and genetics was not significant (P = 0.40). Although protein intake were found to be related to IGF system variables ( Table 2) , combinations of IGF-1 rs1520220/IGFBP-3 rs2854744 genotypes and daily intake of energy-adjusted protein were not associated with IGF component levels (P.0.05).
While dietary fiber intake seems to be positively related to the molar ratio of IGF-1 to IGFBP-3 in the $50 age group (Table 2) , we did not analyze combinations of IGF-1 rs1520220/IGFBP-3 rs2854744 genotypes and dietary fiber intake due to limited sample size in this age group.
Discussion
In this study, we aimed to reveal the genetic and dietary determinants of IGF-1 and IGFBP-3 in our population of Chinese women aged 40 years or older. We found that carrying CC genotype for IGF-1 rs1520220 may work alone or interact with high soy food intake to decrease serum IGF-1 levels among women ,50 years old.
Serum concentrations of IGF-1 and IGFBP-3 are mainly determined by genetic factors [23] [24] . Although SNP rs1520220 is located in the intron of IGF-1 gene, it may influence circulating IGF-1 expression via altering the secondary structure of RNA [45] or DNA [46] . In this study, we observed that IGF-1 levels for carriers of CC genotype for IGF-1 rs1520220 were significantly lower than that for G allele carriers. In another study, carrying CC genotype for IGF-1 rs1520220 was associated with lower IGF-1 levels in breast tissue among 403 Chinese women [43] , which is similar to results of our study. Guet al. 2010 produced consistent results from 5533 women and 5379 men that carrying the G allele for IGF-1 rs1520220 was associated with increased IGF-1 levels [29] . However, a previous study with 345 women from the United Kingdom also examined the association between IGF-1 tagging polymorphisms and circulating IGF-1 levels, and found that the C allele for IGF-1 rs1520220 was associated with increased circulating IGF-1 in 345 females [26] . The C to A mutation for IGFBP-3 rs2854744 may theoretically result in reduced promoter activity, and in turn, decreased levels of circulating IGFBP-3 [28] . This SNP has been found to be strongly associated with IGFBP-3 levels in several studies among Caucasian women [26] [27] [28] ; however, we did not observe this association in our study. Our lack of association may be due to the low frequency of the C allele in our study population (27.1%) compared to Caucasian populations (,53.0% in women) [47] [48] . However, the observed frequency of the C allele among women living in the Sichuan province is similar to the frequency reported in a large populationbased study in Shanghai, China (23.0%) [49] . Therefore, we believe that any discrepancies observed between our study and those conducted among Caucasian women may be attributed to racial diversity. In addition to genetic polymorphisms, dietary factors may influence circulating IGF system levels in humans. Several mechanisms have been proposed [30] : i. Approximately 80% of circulating IGF-1 are synthesized in the liver and exogenous factors, such as diet, may directly influence hepatic IGF-1 expression, synthesis, and secretion, resulting in altered serum IGF levels; ii. Certain dietary factors (i.e. protein and fat intake) could affect IGFBP levels, and may also influence the binding ability of IGF-1 to IGF-1R by competing for active sites; iii. Dietary factors may indirectly affect the IGF system through interaction with genetic factors.
Soy food has consistently been characterized to have an anticancer effect [50] , particularly in Asian populations where soy intake is relatively high. In vitro studies have shown that pharmacological doses of genistein, the main composition of soy isoflavones, may stimulate IGF-1R signaling human breast cancer cells [51] .Although we did not find associations between soy intake and serum IGF-1 as previous studies did [52] , we observed that high soy intake enhanced the association between carrying CC genotype for IGF-1 rs1520220 and lower circulating IGF-1 levels among women aged ,50 years. Since relatively high circulating IGF-1 concentration is associated with increased cancer risk [18] [19] , modulation of IGF-1 levels by soy isoflavone intake may be implemented as a risk reduction mechanism, particularly for breast cancer as reported in our previous studies [38] [39] . We also hypothesized that IGFBP-3 polymorphisms may potentially interact with dietary intake, for example, soy isoflavone intake, Table 2 . Relationship between geometric mean (95% CI) of insulin-like growth factor component levels with dietary intake. and then influence circulating IGF component levels. However, we found negative results, which may be due partly to the limited sample in our study. This hypothesis deserves further study with a larger sample size. Total energy and dietary protein have been shown to be positively associated with serum IGF levels [32] [33] [34] . We observed no associations between total energy and IGF component levels, although there was a borderline significant positive association for dietary protein and IGFBP-3, it was limited to women aged ,50 years (Table 2 ). In this age group, positive results disappeared when we combined protein intake and IGF-1 rs1520220/IGFBP-3 rs2854744 genotypes. Few studies paid attention to the relationship of dietary fiber intake and circulating IGF levels. Gannet al. 2005 found low fat, high fiber dietary intake didn't change circulatory IGF-1 or IGFBP-3 levels compared to the usual diet among women in Chicago after a intervention period of 12 menstrual cycles [53] . However, the main effect of dietary fiber intake isn't clear yet. In our study, while we observed a possible relationship of high dietary fiber intake with increased molar ratio of IGF-1 to IGFBP-3 in the $50 age group, relativaely limited sample (N = 39) may have limited our ability to ascertain the association of dietary fiber intake combined with IGF-1 rs1520220/IGFBP-3 rs2854744 genotypes with IGF component levels. We believe that the effects of fiber intake on IGF system Table 4 . Relationship between geometric mean (95% CI) of insulin-like growth factor component levels with IGF-1 and IGFBP-3 genotypes combined soy isoflavone and protein intake among women ,50 years old. levels and corresponding cancer risk deserve further study.To our knowledge, our study is the first to explore the combinedinfluence of IGF-1 rs1520220/IGFBP-3 rs2854744 and dietary factors on IGF component levels. Although it is a cross-sectional study among hospital-based women, with limited sample size, we only selected the women who sought a physical examination and not those who suffering from any disease that may affect circulating IGF levels; we also implemented strict quality control measures throughout the study, including data collection, laboratory tests and statistical analyses. Thus, we believe our findings reflect the correlation between IGF-1 rs1520220/IGFBP-3 rs2854744, dietary intake, and IGF levels in the general population of Chinese women aged 40 years and older. In addition, the observed combined influence of soy isoflavone consumption and IGF-1 rs1520220 genotypes on IGF-1levels may reflect some underlying biological interaction of the IGF-1 gene and diet on serum IGF component levels. This requires confirmation in larger prospective studies. A randomized control trial of soy isoflavone supplements would aid our understanding of these interactions and help expose the anticancer mechanism of soy isoflavones. 
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